Aims: To examine the effect of two workstation and postural interventions on the incidence of musculoskeletal symptoms among computer users. Methods: Randomised controlled trial of two distinct workstation and postural interventions (an alternate intervention and a conventional intervention) among 376 persons using computer keyboards for more than 15 hours per week. The incidence of neck/shoulder symptoms and hand/arm symptoms during six months of follow up among individuals in the intervention groups was compared to the incidence in computer users who did not receive an intervention (comparison group). For individuals in the intervention groups, study staff adjusted workstations, where possible, and trained individuals to assume the intervention postures. Individuals reported musculoskeletal symptoms in a weekly diary. Participants who reported discomfort intensity of 6 or greater on a 0-10 visual analogue scale or who reported musculoskeletal symptoms requiring use of analgesic medication were considered symptomatic. Results: There were no significant differences in the incidence of musculoskeletal symptoms among the three intervention groups. Twenty two (18.5%) participants in the alternate intervention group, 25 (20.2%) in the conventional intervention group, and 25 (21.7%) in the comparison group developed incident arm or hand symptoms. Thirty eight (33.3%) participants in the alternate intervention group, 36 (31.0%) in the conventional intervention group, and 33 (30.3%) in the comparison group developed incident neck or shoulder symptoms. Compliance with all components of the intervention was attained for only 25-38% of individuals, due mainly to the inflexibility of workstation configurations. Conclusions: This study provides evidence that two specific workplace postural interventions are unlikely to reduce the risk of upper extremity musculoskeletal symptoms among computer users.
U
pper extremity musculoskeletal disorders (UEMSDs) are painful conditions affecting soft tissues of the hands, arms, shoulders, and neck. 1 2 The prevalence of work related upper extremity musculoskeletal disorders reported in the United States has increased dramatically during the past two decades. In 1982, they accounted for 18% of all reported occupational illness in the USA; in 2002, they accounted for two thirds of all reported occupational illness in the USA. 3 Computers (also called video display terminals) have become increasingly common in both workplaces and homes over the past 20 years. In 1997, about 92 million adults in the USA used a computer, 37% of all US households had computers, and half of all employed adults in the USA used a computer on the job. 4 US OHSA estimated that nearly 100 million Americans use computers at work. 5 Some sources now estimate that more than 350 million computers are in use worldwide. 6 Because of such widespread use, even relatively small risks associated with their use would have important public health implications, and interventions that result in decreased risk would have great public health benefits.
Despite widespread acceptance that UEMSDs among computer users can be prevented by posture modification or use of specific hardware (for example, adjustable chairs 5 ), there is little empirical evidence which shows that UEMSDs are, in fact, prevented by these interventions. 7 In order to assess the effects of postural and workstation interventions for the prevention of MSDs among computer users, we performed a randomised controlled trial among persons using computers at work for 15 or more hours per week.
METHODS
This was an intervention study of musculoskeletal symptoms among newly hired persons working with a computer workstation in office settings. Participants were recruited from among several large employers in metropolitan Atlanta, Georgia (USA). The Emory University Human Investigations Committee approved the study protocol and written informed consent was obtained from all participants at the time of enrolment.
Study participant eligibility and recruitment procedures Participating organisations included insurance and financial companies, food product producers, and universities. At each of the participating organisations, a newly hired worker eligible for participation in the study was one who: (1) anticipated using a single computer workstation for 15 hours or more per week; and (2) anticipated using a computer workstation for at least as many hours per week as in his/her previous job. No other criteria were used to determine eligibility for participation. Those who had upper extremity musculoskeletal symptoms in a given anatomic location at the time of entry were excluded from follow up to incident symptoms of that location. Potential participants who reported discomfort in both the neck/shoulder and hand/ arm of intensity 6 or greater on a 0-10 visual analogue scale or who reported musculoskeletal symptoms for which they took analgesic medication were excluded from the study.
Data collection instruments and procedures

Demographic and personal health history questionnaire
At the time of enrolment, study participants were asked to complete a questionnaire about past musculoskeletal symptoms and disorders, past or current illness potentially associated with musculoskeletal or neurological impairment (for example, arthritis, diabetes, thyroid illness), medication use, tobacco use, and past occupational computer use.
Weekly exposure and symptom diary
At the time of enrolment, participants were instructed on the use of a data collection instrument (the exposure and symptom diary) designed to obtain information about their work, symptoms of pain or discomfort, and non-occupational activities. Information was recorded daily about hours worked in the office, hours spent keying, and number of short ((10 minutes) and long (.10 minutes) breaks from the workstation.
On the same instrument, participants recorded information weekly about discomfort of the upper limbs, neck, and shoulder. Participants who experienced discomfort also indicated the intensity of the discomfort on a 0-10 visual analogue scale (VAS), whether he/she took medication (for example, Tylenol, Motrin, etc) for it, and answered the question ''What do you think caused the pain?''. Questions designed to quantify time spent in aerobic and hand intensive activities were also included on the exposure and symptom diary. Study participants were asked to record information on the diary every day that they were enrolled in the study. The diaries were collected weekly and reviewed by study personnel.
Occupational psychosocial questionnaire
The Job Content Questionnaire 8 was used to assess occupational psychosocial stress. The questionnaire was distributed to participants at the time of assignment to an intervention group. Domains examined included skill discretion, decision authority, decision latitude, psychological job demands, job strain, supervisor support, and co-worker support.
Ergonomic assessment procedures
Using a standard checklist, each workstation was evaluated for presence of specific items (for example, mouse or other pointing device), and the adjustability of specific equipment. Following completion of the checklist, dimensional and angular measurements (for example, seated elbow height, table surface height, keyboard inner elbow angle) were recorded.
Intervention procedures
Study participants were randomly assigned to one of three postural intervention groups: the alternate intervention (group A), the conventional intervention (group B), and the no intervention group (group C). Details of the interventions are described below.
Randomisation occurred following evaluation of workplace and ergonomic variables. The use of a random number table assured that each subject entering the study had an equal probability of being assigned to each of the three groups. 9 Randomisation was done in blocks of six to assure equal numbers of participants in each of the study groups.
The alternate intervention was based on protective factors for both neck/shoulder and hand/arm symptoms identified during preliminary analyses of results from a prospective study of musculoskeletal disorders. 10 The requirements of the alternate intervention were: Participants in group C (the no intervention group ) were instructed to continue keying in their usual posture and no changes were made to their workstations.
A study staff member reconfigured the subject's workstation if the subject was randomly assigned to either the alternative or conventional interventions (groups A or B). First, if the ''J'' key was located less than 12.5 cm from the edge of the desk, the keyboard was moved so that the ''J'' key was 12.5 cm from the edge of the desk. Masking tape was applied to the work surface to provide a visual reference for the intervention position of the keyboard. Following placement of the keyboard, the participant's chair was replaced if it did not meet chair quality criteria (see second footnote). The chair height was then set to achieve both the required shoulder flexion angle and the required difference between elbow height and ''J'' key height for the respective intervention group. The armrests of the chair were adjusted to support the arms. Once the chair and upper extremity were configured properly, the monitor was moved to minimise head rotation and to produce the required head tilt angle. To achieve the required head tilt angle the monitor was placed on risers or removed from atop the PC CPU. If these steps did not produce the required intervention posture, other steps (that is, raising or lowering desks, etc) were taken to achieve them. However, in many instances, workstations could not be easily modified and complete compliance with the intervention posture was not achieved.
When placing participants in the intervention postures, a 6 inch goniometer (North Coast Medical, Inc., San Jose, CA) was used to measure wrist angles, and a 12 inch goniometer (North Coast Medical, Inc., San Jose, CA) was used to measure shoulder, elbow, and head and neck angles. All postural angles were recorded to the nearest degree. Goniometer pivot and arm placements for each of the postural measurements have been described previously. 11 12 Verbal and written instructions describing the desired posture were provided to all group A and B participants. Furthermore, study staff discussed with each participant in these groups the importance of maintaining the desired posture for the study period.
At three days and one week after the intervention, study staff returned to the participant's workplace to check on continued maintenance of the posture. If the posture had changed from the intervention, additional workstation changes were made and additional instruction given.
Health outcomes assessment
The occurrence of musculoskeletal symptoms was assessed at entry into the study and weekly thereafter. Study participants were asked if they experienced ''any discomfort such as pain, aching, burning, numbness or tingling in your neck, shoulders, elbows/forearms, hands/wrists, or fingers''. Those who experienced discomfort were asked to indicate the location of the discomfort (neck or shoulders versus arm or hand) and to rate the severity of the worst discomfort during the previous week on a 0-10 VAS. Separate VAS were used to rate discomfort of the neck or shoulder and the forearm or hand. In addition, the question ''Did you take any medication for this discomfort this past week?'' was asked separately for the neck or shoulder and for the hand or arm. Study participants were classified as having experienced musculoskeletal symptoms if they (1) reported musculoskeletal discomfort on any day of the week with a severity of 6 or greater on the VAS or (2) reported musculoskeletal discomfort on any day of the week for which they took medication (overthe-counter or prescription). The occurrence of symptoms was determined separately for the neck or shoulder and for the hand or arm. Study participants were followed for each outcome separately until they became symptomatic, withdrew from the study, or completed six months of follow up. Development of a symptom in one anatomic area did not stop the collection of data for the other anatomic area.
Statistical analyses
All analyses were performed using the SAS statistical package (SAS Institute, Carey, NC). Incidence rates of neck or shoulder symptoms and of arm or hand symptoms were calculated separately for each of the three intervention arms of the study. Participants contributed data to their assigned intervention group regardless of compliance (that is, data were analysed by ''intention to treat'').
For the purpose of calculating follow up rates, persons were classified as full follow up if they remained in the study for the entire duration of their eligibility period. For most participants, this occurred either when they completed six months of follow up while free of symptoms or when they developed a symptom that met the study case definition. A few participants became ineligible for the study prior to six months time or symptom onset because they either left the participating company or experienced trauma of the limb. These few participants were also classified as full follow up. Those who discontinued participation while still eligible for follow up were classified as incomplete follow up and included those who refused the assigned study posture, discontinued participation because they were ''too busy'' or for no given reason, or did not complete study forms.
Kaplan-Meier survival curves and relative risks for each of the three groups were calculated using survival analysis methodology. 13 14 Survival time was taken as the time to incident symptoms. Those participants who left the study without manifesting the outcome were censored at the time they left and contributed person-time until they were censored. For each outcome, the three survival curves generated by the Kaplan-Meier method were compared using the log rank test. 15 In addition, because some independent variables were time varying, relative risks were estimated using an extension of Cox's hazard models (PHREG, SAS Institute 15 ) with time to incident symptoms as the dependent variable and intervention group as the independent variable. Adjustment for ties was made with the exact method. 14 
Confounding variables
Time invariant variables examined for potential confounding of the relation between intervention group and incident symptoms were age, gender, history of arm or hand symptoms, history of neck or shoulder symptoms, medication use, history of arthritis or rheumatism, ''slipped'' or ''ruptured'' intervertebral disc, self-reported typing speed, self-reported level of mouse use, job category, ability to step away from the workstation at any time, and chair comfort. Time varying variables examined for potential confounding were hours per week in office, hours per week keying, weekly report of job stress, hours per week of aerobic activity, and hours per week of hand intensive activity.
Differences in distributions of potentially confounding variables were examined across the three intervention groups. Categorical data were examined using a x 2 test and continuous data were examined using analysis of variance. Characteristics that differed across intervention groups with a probability of .0.30 were excluded from further consideration of confounding potential. Remaining variables (those with p ( 0.30) were then assessed by a process of sequential backward elimination designed to retain possible confounders, the elimination of which changed the hazard ratios of the intervention groups by more than 10%. Figures 1 and 2 show the flow of participants. A total of 1240 individuals were contacted to determine eligibility. Of these, 793 individuals were excluded, with 447 potential participants remaining. Of those excluded, 662 were ineligible, 34 could not be contacted, and 97 refused to participate. The majority of the ineligibles worked too few hours with a computer (n = 239) or used multiple computers at work (n = 147). Additional individuals were ineligible because they reportedly used a second computer at home for more than 20 hours per week (n = 116), used a laptop computer at work (n = 30), did not use a computer at work (n = 43), were out of town (n = 14), or met additional a priori defined exclusion criteria related to availability or computer use (n = 73).
RESULTS
Recruitment and randomisation
Two separate, overlapping cohorts were then defined to examine separately the risks of neck or shoulder symptoms and the risks of arm or hand symptoms. Ninety one individuals were ineligible for inclusion in the neck or shoulder cohort because they reported experiencing neck or shoulder symptoms during the week prior to entry, and 72 individuals were excluded from the arm or hand cohort 
A total of 379 individuals who were eligible for inclusion in one or both cohorts were randomised into one of the three intervention groups. For those at risk of incident arm or hand symptoms (n = 375), 126 were randomised into group A, 130 into group B, and 119 into group C. After randomisation, seven participants in group A dropped out of the study as did six in group B, and four in group C. As a result, 119 participants in group A, 124 in group B, and 115 in group C were followed for incident hand or arm symptoms (n = 358).
For those at risk of incident neck or shoulder symptoms (n = 356), 121 were randomised into group A, 122 into group B, and 113 into group C. After randomisation, seven in group A dropped out of the study as did six in group B, and four in group C. As a result, 114 individuals in group A, 116 in group B, and 109 in group C were followed for neck or shoulder symptoms (n = 339).
The randomisation was relatively successful in creating intervention groups with similar demographics (table 1),  current and past medical conditions (table 2) , and occupational characteristics (tables 3 and 4) . The only exceptions were measures of education, chair comfort, and stress. Participants in groups A and C were significantly more likely to be college graduates than those in group B. Participants in groups A and B were significantly more likely to judge their chairs as comfortable than those in group C. However, this is not unexpected, as chair comfort was assessed after randomisation and low quality chairs used by participants in groups A and B had been replaced. There were no Interventions among computer users 483
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Compliance with postural interventions
Compliance with the postural interventions was assessed at the time of the intervention and during two follow up visits (tables 5 and 6). Full compliance (that is, all compliance variables within the established compliance range) with the intervention postures was attained by 25% of group A and by 38% of group B participants. The primary reason for noncompliance in group A was that the required elbow difference was impossible to achieve with the participant's workstation.
Incidence of hand/arm and neck/shoulder symptoms by intervention group Of the 358 arm or hand cohort members followed, 22 (18.5%) group A participants, 25 (20.2%) group B participants, and 25 (21.7%) group C participants reported symptoms (fig 1) . A total of 188 participants (53% of those followed) remained in the cohort for six months of follow up or until reporting incident arm or hand symptoms, 147 (41% of those followed) were lost during the six month follow up period (refused posture, stopped participating with no reason given, or did not complete forms), and 23 (6% of those followed) exited the study for another reason (left employer or experienced acute, non-work related arm or hand trauma). Of the 147 lost during six months follow up, 58 (39%) contributed 12 or more weeks of person-time. Thus, of the original 358 members of the arm or hand cohort, 89 (25%) were lost to follow up after contributing fewer than 12 weeks of observation. No differences were observed in dropout rates (that is, incomplete follow up) across the three intervention groups (table 3) . Of the 339 neck or shoulder cohort members followed, 38 (33.3%) group A participants, 36 (31.0%) group B participants, and 33 (30.3%) group C participants reported symptoms (fig 2) . A total of 204 participants (60% of those followed) remained in the cohort for six months of follow up or until reporting incident arm or hand symptoms, 114 (34% of those followed) were lost over the six months follow up period (refused posture, stopped participating with no reason given, or did not complete forms) and 21 (6% of those followed) exited the study for another reason (left employer or experienced acute, non-work related arm or hand trauma). Of the 114 lost during the six months follow up, 44 (39%) contributed 12 or more weeks of person-time. Thus, of the original 339 members of the neck or shoulder cohort, 70 (21%) were lost to follow up after contributing fewer than 12 weeks of observation. No differences were observed in dropout rates (that is, incomplete follow up) across the three intervention groups (table 3) .
The Kaplan-Meier survival curves for the arm/hand cohort indicated that there were no significant differences in time to symptoms among the three groups (log rank test probability = 0.75) (fig 3) . When limiting the analysis to only those who were compliant with all of the postural specifications at the initial intervention, there was no difference in time to symptoms between the groups (data not shown). This was also observed when limiting the analysis to only those compliant during the first or second recheck.
The Kaplan-Meier survival curves for the neck/shoulder cohort indicated that there were no significant differences in time to symptoms among the three groups (log rank test probability = 0.84) (fig 4) . When limiting the analysis to only those who were compliant with all of the postural specifications at the initial intervention, no statistically significant difference in time to symptoms between the groups was observed (data not shown). This was also observed when limiting the analysis to only those observed to be compliant during the first or second recheck. Group B Group C Figure 3 Kaplan-Meier survival curves for the arm and hand cohort. Group B Group C Figure 4 Kaplan-Meier survival curves for the neck and shoulder cohort. Multivariate analyses controlling for gender, age, and hours keying during the previous week revealed no differences in time to symptoms between group A or group B when compared to group C for either hand or arm symptoms (group A: HR = 0.92, 95% CI 0.49 to 1.71; group B: HR = 1.05, 95% CI 0.58 to 1.90) or neck or shoulder symptoms (group A: HR = 1.07, 95% CI 0.64 to 1.80; group B: HR = 1.00, 95% CI 0.60 to 1.68).
Because of concerns about correlated outcomes, additional proportional hazards analyses were performed in which time to first event was included as the dependent variable. Forty participants contributed events to both the neck/shoulder and the arm/hand analyses. Of those, 18 had the two events simultaneously and 22 had them in different weeks. The results were unchanged from the models in which all participants were included (results not shown).
DISCUSSION
In this randomised controlled trial, no significant differences in time to symptoms were observed among the three interventions nor were any trends suggestive of an effect observed. This result was not expected, as a recently completed prospective observational study of participants recruited from the same population of computer users suggested moderate effects of posture on symptoms. Although the intervention postures were not shown to reduce the risk of musculoskeletal symptoms in this study, it is possible that a true effect was obscured by other factors.
One possible source of bias in the observed results is confounding. For several reasons, we do not believe that the absence of an association was the result of confounding. First, the likelihood of substantial differences in important covariates across intervention groups was minimised by randomly allocating study participants to each of the three groups. Inspection of the results shows that most important covariates were distributed similarly across intervention groups. Second, we performed multivariate analyses of associations between time to symptoms and intervention group while controlling for gender, age, and hours keying during the previous week. These analyses revealed no significant associations between intervention group and time to symptoms for either hand/arm or neck/shoulder symptoms. Additional adjustment for height, BMI, race, education, handedness, job title, and a history of musculoskeletal symptoms did not alter this result.
Another possible reason for the absence of effects was our inability to fully implement the intervention among the study participants. Fewer than one third of group A participants and fewer than one half of group B participants were fully compliant with the interventions. It is possible that differences in incidence would have been observed between groups had the intervention postures been implemented more completely. Non-compliance with the intervention postures may not fully account for the absence of findings, however. While full compliance was uncommon, nearly 70% of both intervention groups were able to comply with 10 of 11 compliance categories. Thus, participants were able to achieve substantial, if not full, compliance. We also performed an analysis restricted to participants who achieved full compliance and observed no meaningful differences between the groups, although numbers were small.
Another possible reason for the absence of an observed result was poor ascertainment of health outcome. We consider this unlikely. The method of ascertaining health outcome was similar to that used in previous investigations 10 12 in which associations were observed between postures, demographic characteristics, work organisation factors, and symptoms. Indeed, in the current study, two factors that have been observed in past investigations to be associated with symptoms-that is, female gender and past history of symptoms, were associated with the symptom outcomes used in the current study.
Some prior studies of associations between work activities and musculoskeletal outcomes have been criticised for using symptoms alone (as opposed to symptoms and physical examination findings) as the health outcome, as was done in the current study. In a previous study, 10 however, we observed that risk factors for musculoskeletal symptoms and risk factors for musculoskeletal disorders among a sample obtained from the same study population were very similar. We believe that had physical examination findings been used to identify health events (in addition to symptoms), the results would not have been meaningfully different.
Several other investigators have reported on the results of experimental or quasi-experimental studies of the effect of various interventions on musculoskeletal outcomes among computer users, although only a few have examined specific postural interventions. Aarås and colleagues 16 examined the effect on musculoskeletal symptoms of a computer workstation that allowed computer users to support the entire forearm on the table/desk top while keying among approximately 150 study participants. Neck and shoulder pain frequency and intensity were lower among those who received the forearm support compared to similar workers who did not. A long term follow up of the participants 17 showed continued reductions in shoulder discomfort in one of the two groups followed for six years and a third group followed for a shorter period. In comparison to the current study, the investigators had greater opportunity to modify workstations to achieve the desired intervention.
In a number of published studies, multiple interventions were implemented simultaneously, making the effect of specific components difficult to assess. For example, Robertson and O'Neill 18 compared the prevalence of musculoskeletal symptoms among those provided with new workstations and ergonomic training or new workstations alone to those who received neither. Nelson and Silverstein 19 compared office workers who were relocated to a new building with modern adjustable workstations to those who had no intervention. In both studies, lower rates of musculoskeletal outcomes were observed among members of the intervention groups. However, the specific changes responsible for the effect could not be ascertained nor can the role of placebo be excluded.
Other intervention studies are less directly comparable to the current study because of substantial differences in methods. For example, Ketola and colleagues 20 and Mekhora and colleagues 21 examined the effect of workstation interventions among computer users who were actively symptomatic at the time of recruitment. Results observed among persons selected on the basis of symptoms may not be comparable to those obtained from a sample of participants free from symptoms at entry into the study. Brisson and colleagues 22 compared the effect of an ergonomic training programme on selected exposure variables and musculoskeletal health outcomes among 284 workers and 343 referents who did not receive the training. Among participants less than 40 years of age, substantial decreases in the prevalence of symptoms and physical examination findings were observed among both intervention and reference participants, although the effect size was larger among intervention participants. Among participants 40 years of age or greater, small increases in symptoms and examination findings among both intervention and reference participants were observed.
In summary, the results of this study suggest that caution should be exercised when making recommendations regarding posture as the sole means of minimising risk of musculoskeletal symptoms among computer users. Such caution appears warranted as recommendations for postural modification seems to be the mainstay of many ergonomics programmes intended for computer users. Effects of postural interventions may be more readily observed in future studies if workstations are more easily adjustable to allow for more complete compliance with postural interventions. 
